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100, 




(57) Abstract 

The present invention relates to a communications system (100) that is capable of adapting to an unknown or varying spectral 
environment in a channel (14) between two communications units (12, 16). The system (100) maintains a spectral profile of the channel 
(14) and uses the spectral profile to detemiine appropriate transmit parameters for the system (100). The system (100) can be programmed 
to provide an optimal transmit signal for achieving a predetermined performance goal (such as, for example, maximum data rate at a given 
bit error rate (BER)) in light of the spectral environment in the channel (14), In one embodiment, the spectral profile is maintained in a 
spectmra table memory (27) that is periodically (or continuously) updated. 
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COMMUNICATION UNIT HAVING SPECTRAL ADAPTABILITY 

Field of the Invention 

5 The invention relates in general to communications systems and, 

more particularly, to communications systems that are capable of operating 
in adverse spectral environments. 

Background of the invention 

10 

The number of applications using radio frequency energy is large and 
rapidly increasing. From wireless communications systems to automobile 
collision avoidance systems, the airwaves are filled with radio frequency - 
signals for perfomriing various functions. Because of the great number of 

1 5 radio frequency systems in operation, interference between systems is not-^ 
uncommon. This interference can cause a decrease in the performance of 
one or more of the systems involved (such as an increase in the bit error rate 
of a communications system) and, therefore, should be avoided. One way to 
avoid such inter-system interference is to carefully plan the assignment of 

20 frequencies to the varipus systenri? Sp.^lhat nearby systems do not use similar 
or overlapping frequency bands, hfoyvever, because many of. today's radio 
frequency applications are non-stationary (I.e., mobile) applications, 
plannipg based on the physicall locaition of the systeiiis is difficult if not ! 
impossible^: Another option, is-io assign a completely different frequency . 

25 band to each application so that there is no frequency overlap between 
systefns. This technique is hot praptical, however, because there is not 
enough spectrum available"ib ser^lcse the growing number of RF 
applications: in this fashion. In addjtion, this technique does not address ' 
interference caused by th^ trabsmi^slon of spurious "out of band" signals, 

30 such as those created by system nonlinearities. ^ 
In addition to unintentiohal interference betwbeh systems, as 
described above, there is also the problem of intentional interference (i.e.,-- i 



BNSBOCID: <WO 003047241 I -k 



wo 99/39472 



PCT/US99/0I714 



-2 



^'^S"»,?'.'".'?'^-enoe gene.,V oceu,. in n,,«a,y applications 
, >^er« one group a„en,p,s ,o interfere with We-communications o, an enemy 
- . ~W^n,,nin,^gna^in a sin,i,ir^^^^^ 

group ,0 block or ove^wer the oom,nunioa«o,;s signals. ' As can be 

appreciate^ W^enence^an seriou^^,;.^^ 

Of the communications: - - ' ' ' ^ -fis .rt'v .^.h 

r.?-.. . . Bf'e^ Description nf tho n^^.j^n^ ' - 

systen,™ - . 

may be detected ,n accordance w,ith tl,e presem' mvenaon- ' 
'''^•^'^^''«9'^'"l"^'«*g«"wideband:<»m™^^^^^ 
overlaying a narrowband comrnunications system^^ ' " 

^"■ ■-iv. ^ ."^^•-'"^ f*''^''''? "'!^?^^^^ 

, ,n *e wideband communication^ system of FiG. 5 to achieve reduced 
.merfe^ ,„ a^,<,3no, w«h one embodiment o, the presim invemion; 

i ? °P?«ion Of tl,e .,ans,,,i;,unit of 

.. . 2 on? embodiment of the present invention; and ' 

:J:'V ''o^ohart illustratis^^ operation of *e receive' ur^i, of - .. 
• ' *'^''°'''™"-'o' the present iny - - : - 



30 



^ capable of reducing the adverse effectsp. Potential^ interfering signals that 
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appear within the system's operational bandwidth, the system 
accomplishes this by monitoring and adapting to the spectral environment 
about the sys'terh. I'hat is, the system monitors the spectral makeup within a 
frequency band of interest (which, In a preferred embodinrient, is the 
5 ^ operational bandwidth of the system) and varies its transmit signal 

parameters based on the detected spectral conditions. By adapting to the 
spectral environrhent, the system can make very efficient use of available 
spectrum, m one embodiment, for example, the system uses portions of the 
spectrum that are not presently being used by other systems in the area, to 

1 0 perform communications." In another embodiment, the system uses the 
detected spectrum to determine how to adjust the power leyel and/or 
processing gain of its transmit signal so that it does not interfere with other 
systems in the area, even though overiap between frequency bands Is 
occurnng. The system cani>e programmed to provide an optimal transmit 

1 5 signal for achieving a predetermined performance goal (such as, for 

example, maximum data rate at a given bit error rate (BER)) in light of the 
surrounding spectral erivlrohmerit. In addition, the system is capable of 
operation in realtime. 

One advantage of the present invention is that it allows a 

20 cbmniuhications system to oVeilay existing military and commercial bands 
with riBduced or minimal interference frorn other systems using those bands. 
That is, the communications'sysfem can achieve a relatively, high 



performance level in the midst of transmissions from other systems.. This 
greatly Increases the 'nurnber of applicatipns that can be implemented within 

25 a given bandwidth. In addition, the invention allows a comrnunicatipr\s 

system to maximize the quality of service (e.g., data, speech, imagery, and/or 
video) provided to users of the system. Furthermore, the invention provides 
a significant increase in the rahge of operation of a communications system. 
As described in more detail below, the principles of the present 

30 invention can be, and preferably are, implernenteid in a spread spectrum 
communications systeni. A spread spectrum communications sy 
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wider han ma. recused by .ha d,,a ^.e m^^on^^ li^ 
undertying information signal Tliat is a i "/ ' 

.ha. ■st,ri»H.. «.-"' " ■', ~ - " '^yHfihjVolfl^ Is used 

.ha. sp«ads .he |pac.ru,^ ,he rnodulale^ in.onn,.ion signal .o provide a 

5.,nunnbero,,mpo,,a,.adva«ages,.p„,examp^^^^^ 

- ' "-^^^^ .e.hni,M,,:,o: provide a 

;.^r,„y of separate con,5ny|,io,,isn,9han.ne(, in,a given bandwidH,. Another 

.c..^i«nS| h.d.ng ns,ee"ry ,co|n.p«n;s,Spn ^ ' ' 

'^^''''^^»'^^'^^:<<^^^Z^s. such 
' SSHf ''^T^^^'^ ^ite9HWc^i,opp^ spread 

FiGjl isVi?^ tey?^*i^|^^|^ sy^er^aoaij, ao<^an«f ' 
, , w* one embodimen. of me present invenUon -n^ ' ' „ "'W.^nce 
. ' . i r™"V"Ventioii,.Thesystein200i 
M f omn,un,oa.ior,^uni, 202 thsloo^p,unioates »i.h a second 

. : 5°"f"Tl""'9ation unit 204 via a channel POR tk« r 1 
20 pnproo- - first commum^^^^ 

^" 4net 7 - .^98 and processes the daU to „ 

„ generate a..,ansm|. signal fp.d^ljvery .o .he channel 206. rUe second 
communication unit 204 receives a sianal fmm fh= u . ' 

^ ::; 202 and^a transmit parameter det^^^^^ 
. . , T'od^'atipn/coding unit212 receive«5tho -J X . 

. ^ -and modu ates . and/or encodes the data based on nn. « 
an ■ , ■ ^ ^ - - '' ^^'^ °«sqcl on ,on©-or more control 

30 ?'9™lsfrom.he.rans,ni.pa,ame.erde.en„ina.ion uni.214 The 

,^ ^ n,odu,a.edA.d,d .ignai 0.e,|,e .rans^i. ^ is .hen, .ranscni„ed ^.o me 
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' ichannel 206. As will b6 described in greater detail, the transmit parameter 
determin^ition unit 214 c^alculates optimum transmit parameters using 
' ■ spbctrurh based datd f rbfn the Second communication unit 204. 
' - ' The second communication unit 204 includes a 
5 - d^eniodulatlon/deboi^lnli uhi? 21 6"and"a spectrurn analysis unit 218. The 

d^m'odulation/ddfebding ' unit 216 r^cdives the^rnodified transmit Signal from 
" ■ the chanfief 208 ainlFfembv^W the modulation/coding from the signal. In one 
' ' "enib^bdrhiehtr confro it^naltsj'lrom the transniit paranrieter determination 
'■ ■ ' ^ unit i2t4' afef made part 6f "the trerhsmlf signal arid are tfiuVused iDy the 
10 -^ ' dfemodulation/decbdirig'Urtit'^ie t'bTembvellne r^^ 

' sp'ectrunri analysijsi^uniV2fi^lllo tecei^ves iH^ the chann^i'206 

- and anajyzefe' the signfaf to^detisftnme iSie spectralV^ofile of the channel 206. 
' - ' ' The siiec^trUnf anaiys'iW unit' 21 8 tlnen friftsfers iHfonnalionlndiM^^^ the 

= 'spedTal>rofil^^^^^^^ 

1 5 determination unit 214 via an output 219 and a feedback channel 220. The 

- ' • trainsrHit 'ji^rafheter deierfilihation' Lfhir21 4 'then uses the spectrum 

information to determine bptimal tfansrnit parameters m ilgfit of the spectral 
profile. In 'this regard; the transmfl'^arametei- determination unit 2i 4 can 
' include a processor that is p^ogrMrtinniea lb 'calculate transmit parameters that 
20 are optimized for acfiieving'a fSrfedSternriined syWm perforrnance goal. The 
first cortirnunication unit 202 can t^^nsfer the optimal transmit parameters (or 
atJeriWtive tHereofji'io orfe bl^ more' bther cbmrnuhicatiori units '^(riot shown) 
in the systenri 200 for'uise ih 'transiriitti'ng sighais to the second 
- - cbmmunic'ktlbrtdiriit'264. ^" " fH - • . 

25 FIG. 2 is a more detailed block diagram illustrating a communications 

system 100 in*^accofdance with b'rte'tembbdin^eht o present invention. 

As illustrated; the "bom^uriiciittorts System i'OOIr^^ a data source 10, a 
- transmit Liriit 12, a communications bhdnner 14, a receive unit 16, and a data 

sink 18^ During^operation of th^ system 100; the data sburce lo'provicles a 
30 raw data signal to an input of the transmit unit 1 2. The transmit unit 12 

encodes and modulates the raw data Signal and th§n launches the modified 
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s^nal onto .he channel 14 which carries the eigna. .ojhe receive unl, ,6 
T^*'r?»ivr"nlt 16 receh,es the data Signal to^ ' ' 

''«'"<«'"'^<«Mnd decodes the signal;, and th;n delivers, he'"' ' " 
dernodulated/decoded signal to the data sin. 1,8. As one .Killed in the art 
5 would recogn^e, the data signal delivered to tl,e:d^a .si-^Me may no, be an 
. , . exact replica ofthe rawdata origihally generajed by. the, data source ,0 due 
; : '°! ^."^'^''f ! ';?'^"'?rte«nce5amming in the channel' 14 " ' 
, :^^'"'"1?H'^?°'^"'^:#^aliyany^ 

1 0 ^ ^gWypice signals,' 

1 0 d,grtal data s,gnals, and/or dig,«al i-nage and ,Wdeo signals. " " 

codej^nterleaver (CCI, 

class,ftca.ion monitor 26. and a spectrum .able memo,y.27: As will be 

^t^'-'- S^^^^iPfl W^^ene^tes 
& s,g^als that ?e.e™ine the ^e c^ pr^^^^^ ^ 

..^ *e data s,gnal from the ^ata sou.e ,o,by tt,,;;,^^^^^^^ - ' 

~ un. a. TT,, sou-e g^er 20 receives m,^^^^ 

; channel class,f,ca.,on monitor 18. ,.As, compression is np, always desired the 
20 -u^ooderaois^nop^onaip^ 7^. CCraa recede! 

.^ output s^na, ,,pm ,,he source.cpder 2p and applies channel coding and^ 
^ <^e^ thereto in response ,to o«,trol sigaete (i.e.. b2 andba, , J the 
, Channel c|ass,flcatlo^ monitor la. Control signals bl, b2,.:and ba.wlll be 

25 '° "t"' "^^^"^ W;:ni.oduia,or 

■ conZF^'"/? 22 base4,on.p;e ormore 

^ control s,gna,s from^ ^ channel cla^sificatipn monitor 26 that wiV,» reten^ 

. , ^ to here,n,coll,ctiyely,_by the vector P. Eaqh of the:con,rol signals 
, comprising the vector P will control one or;^ore; characteristics of the 
36 ■ sig„al(s),P. the multi-mode 

example, the data r^te, symbol mte„ .and center frequency of the signal, and ' 
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the type of modulation applied to the signal. The signal characteristics that 
are variable in a particular implementation of the invention depend upon the 
specific application. The complete set of control signals (i.e., B and P) define 
the opefatihg mode of the system 100. . 
'5 ^ In additibh to their processing functions, the source coder 20, the CCI 

22," ahd/6r the multr-modie modulator 24 also append infomnation to the data 
signal relating to tHe type of nriodulatioiVcbding ap^^^^^ the data signal. 
' f^or ^xifnplfe, the source coder 20 may append control signal b1 to the data 
"signal: Similarly, the CCf 22 may append control signals b2 and b3 to the 
1 0 data signal, and 's"o oh'/ In one embodiment of the invention, this 

modiliiation/bddmg inifo'mriation is aSSed to the data signal for eventual use 
in, among otKef things, demodulating/dec^^ the data signal |n the 
i^eceiVe unit ' ' ■ ' 

> -'.-,rw.- .'C -->.in<-'Tt 'i'-;?'---;:n-?:'S . ia=-'n6fic. sd? .!;.v;s;j '..-•torn bs-di-Crt--!;' 
' -The spectrum table memory 27 stores spectral informatipn indicative^ 

15^' ^ijf,' amohg ollidPthing^^^^^^ in the channel 14 that are , 

currently occupied by interference signals. The spectrum table memory 27' 
can also' ih^clude' compaKsbn/decision circuitry (hot shown) for determining 
whiBther the current output' of the spectrurn* table nri^mory 27 (i.e., F) should| 
be updated bsfsed on a current spectral reading. After transmit processing js, 

20 ' complete in the trahsmit unit 12, the output , signal of the rinulti-mode 

modulator ^4 (I.e., the transmit signal) is transmitted into the channel 14. 

The channel 14 can include any type^of transmission medium that is 
capable of carrying a'nfibdulated data signal frorii the transmit' unit 12 to the 
receive unit 1'6.' In this regard," the charinel 14 can be either a wireless. or a 

25 wired connection: In* ai preferred embodinrieht of the preseffit invention, the 
isyltem'lOO is a' wireless bbrhrhunicatioris system and the channel 14 is a 
wireless radio-frequency link.' The channeri4 can include, for example, the 
radio frequency lihk between a cellular telephone and a cellular basestation. 
AlteniativiBly, the channel 14 cari include a series of upliriks, crosslinks, and . 

30 dowhiinks in a satellite comrriuhicatioris systeni for carrying a signal 
- between two trarisc'eiver units on the ground. As Will occur in any 
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communications channel, the transmitted signal will be degraded in the 
channel 14! That ferthe transfer function of the c^i^nel. 14 interference 
' andhoise sources in the channel 14 will' modify the transmitted signal to a 
ceftain degree. This modified signal is recei^d' in the receive unit 1^ 
5 must process the signal to recover the originafdata.' " 

. " \ '[ ' The receive unit 16 inciudes:" a multi-mode demod^iStoV 28, a 
"chartnel decoder/deihterleaver (CDD) 30. a sourcWdecdder 3^^^ a spectrum 
analyzer/mode estimator (^^^^^ 

a signal memory ^7- The rece^^^^ a^signal "frorn the 

. , , ^ ^J^^, ^"l®^^^^^ and possibly a 

' dowri converter. - the si^^ Is 

f .^ Thie .slgnal 

nnierii6ryj57 stor^^ 34 

1 5 processes tjie read sigH^ deteSmi^^ j^i^ 

of the onginai'data signal (l.e;^ • 
transmrt unit 12) and to detemirrie a profile bf the spectrum in tl^ channel 
14. As will be discussed in greater deteil/the spectral profite determined by 
the SAME 34 is used td^caiculate optimal transmit parameters for use by the 

20 system ibo. . - . ; . ; : = 

Bebause the data signaf^ 

*® modulation/coding jnformatlon appended ;to the data signal can 
be conu'pted in the channel 14; As described above; in one embodiment 
irifonnation is used in the receive unit 16 to derpodulate/decode the 
, ®'9"^; The^^ the SAME 34 includes rrie^^ 

potentially comjpted modulation/codirig irifonpation from the receive signal ' 
and for determining the validity of the infonTiatjon so. read (i^ whether the 
information truly represents the nriodulation/coding information transm 
by tiie traHsmit unit 12). Validrty of the Information can be tested by, fbr 
30 example, coniparing it to the apriori set of valid s 

infdrmation from the read signal is found valid, the infomiation (or a^ 
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derivative thereof) is used as mode estimates B' and P' in tlie 

demodulation/decoding process. If the information from the read signal is 

... * . : ■ V '■■■■.ri'. ' ' : . . > ' ^ ~ 

found to be invalid, the SAME 34 derives the mode estimates B' and P* by 

other methods. One such method, which is well known in the art, uses 

5 interpolation of past valid mode information. Another method uses iteration 

through values near past valid values until a best quality (e.g., lowest BER) 

is achieved. 

After valid mode estimates B* and P' have been obtained, the SAME 
34 transfers the mode estimates to the multi-mode demodulator 28, the CDD 

i d* "30, and thiB source decoder 32 for use in demodulating/decoding the read 
signal. The SAME 34 then instructs tlie signal memory 37 to transfer a copy 
of the read signal to the multi-mode demodulator 28 to beqin the # 
demodulation/decoding process. The multi-mode demodulator 28, the CDD 
30, and the source decoder 32 each perfomn the inverse function of the <u 

1 5' multi-mode modulator 24, the CCi 22, and the source coder 20, respectively, 
using the appropnate mode estimates from the SAME 34. 

In addition to mode estimation, as described above, the SA^ME 34 
performs a spectrum analysis on the receive signal to determine the i 
approximate spectral makeup in the channel 14. The SAME 34 then 

20 delivers a signal, Fsa, to the channel classification estimator 36 that is 
^ indicative of the spectral environment In the channel 14. The SAME 34 uses 
the mode estimates B' and P' to determine which portions of the detected 
spectrum correspond to the transmit signal from the transmit unit 12, and 
these portions are not included in the Fsa signal. That Is, the signal sent to , . 

25 the channel classification estimator 36 only indicates spectral components 
from sources other than the transmit unit 12. The SAME 34 can utilize any of 
a number of analysis techniques/ algorithms to perform the required 
spectrum analysis. The complexity of the method used depends upon the 
accuracy required by the system 1 00. For example, if optimal perfomnance ^ 

30 is required, relatively compiex and highly accurate spectral scanning 

techniques can be implemented in the SAME 34. This may require the use 
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^ of a high-performance processor, such as a digital signal processor (DSP). 

to perfo~rm the necessary operations In a reasonable time, "if optimal 

performance is not a requirement, less cpmplex spectral techniques can be 
used. ■ - . .. , ., - . 

5 Whlle>rocesslng read slg^ tfie ^^e 

« P9P. decoder 32 generate quality metrics that ^re ' " 

indicative of the quality of the demodulated/decoded data!' For example, the 

f?."^ « '"?ri^r<%*d.jhat is indicative of the bit error rate 

(BER) of the data signal. Simliarly.'the multi-mode demodulator 28 and the 
L :'^'^?,??"°^^''?2.^^^9enerBte m^^ 

of, for example, the symbol e^r rafe (S6R), the received signal to noise 

^$-?**^.«!?nal.,,The quality 

^ ^0^*?"^?°?-^°:^? P ?re ti^nsferredlto ^channel 

5 classification estimator 36 for in further yalic&lon of the^^^^^ 

B- and P- that were i^d to demcklulaW^^^ signaC if the " ' 

channel classification estimator 36 finds :tharthe:qua% metrics'are not as 
expected (given.; for example, the spectral makeup of the channel and 
. knowledge of past perfomiance), then it assumes that ^ mode estimates. 
B' and P-. that were used to demodulate/de(?pde the read signal were in 
error. The channel dassification estim^tpr 36 then instructs the SAME 34 ^ 
over control line 35. to generate new estimates using, for example, 
interpolation and/or iteration of pasi valid mode estimates.' The new 
estimates are then used to reprocess the read signal (a copy of which is still 
stored .n the signal men^ory 37) in the multi-mode demodulator 28. the CDD, 
„30. and the source decoder 32! New quality metrics are then generated In 
the multi-mode demodulator ?8, the ODD 30. and the source decoder 32 
and these new metrics are again compared to expected values in the, 
channel classification estimator 36, This process Is repeated untii the quality 
metncs generated in the multi-mode demodulator 28, the CDD 30 and the, 
source decoder 32 are as expected. After acceptable quality metrics have' 
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been generated, the output data from the source decoder 32 is delivered to 
the data sink 18/ 

The data sink 18 can be virtually any type of data destination and, in 
general, will depend on the type of data being generated by the data source 
5 ' 10. K6"r exarhple, if tfie data soiircie 10 is generating speech data, the data 
sink 18 will most likely be the terminal equipment (e.g., a telephone) of the 
party that is to receive the speech signal. On the other hand, if the data 
siigrial from the source 10 fs afi imag'e'signai, the data sink 18 will rriost likely 
■ be some form of dispf^^^ 

1 0 After acceptable quality metrics have been calculated and a final Fsa 

signal hag been generated in the SAME 34 (using the modified mode 
estimiates), the channel classification estimator 36 transfers a feedback f 
signal containing channel estimates. Cce, to the channel classification 
nribnitbr 26 in the tranismit unit 12, via feedback channel 40. The feedback 

T5 channel 40 can include virtually any type of feedback path such as, for 
example, tf'dedicated Rp link or a dedicated tjme slot in a retum 
communications signal.' In the iMustraW^ 

estimates* C'ce, Include specWrh information derived from the Fsa signal v 
^nd quality metric infoririatloh'derived from "the multi-mode dernoduiator 28, 

20 tHe CDD 30, arid the source decoder 32. • . 

Because the feedback signal can be corrupted in the feedback 
channel 40, signal validity is cjiecl<ed In the channel classification monitor 
26. In one embodirneht, for example, channel estimates in the received 
feedback signal (i.e., Cbei'j are corh'pared to expected channel parameters in, 

25 the channel classification rnonitor"26 to determine their validity If the 

channel- estimates Cce' are' not as expected, they are deemed invalid. The 
expected charirief parameters can be 'derived using valid past channel data, 
quality informatlbri from the receive unit, sind knovi^ledge of the possible rate 
of change of the chanriel pararrieters (for example, it may be known that 

30 ' channel parameters do not nbrriially change very fast in a given location). If 
it is determined that the channel estimates received in the channel 
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classification monitor 26 (i.e., Cce') are valid, then the monitor 26 can use 
them to calculate control signals (I.e.. B and P) "for the source coder 20. the 
. multi-mode modulator 24. These Control signals are then 

delivered to the source coder 20. the CCI 22. and the multi-ri^ode modulator 
5 24 for use in generating the next transmit signal. If the channel estimates 
Cce; are found to be invalid, interpolation/ Iteration methods Jari be us^d In' 
the channel classification mohifor 26 to derive vajld as 
described above witK respect to thfetriode esti^ 

estimates are then applied to the source cod>r 20. the CCI 22. ^nd'the multi- 

(Ke::a spectral profile) for 

"^^y "^^^^^^^o^^ particular iimerthe' 

f J!?dfca« of the mpi i^nt s^j^imm " ' '' 

15 'nfomiationr^lv^dfK^^^ 

mformatioh F differs only sligh«/f^ ^ 
stored in the meiT^ry;27: the memory 27 rriay decide to 
mfomiatlon rather than replace it with the new Infomiatlon. This feature can 
help to prevent short-term trahsfent oscillation: In' addition to scoring " 
20 mfomiatlon relating to the preserit charinel spectrum, the spectrum'table^ 

memory 27.cah also Indude an archival area for storing informWon relating ' 
to past spectral profiles. Records In the archival area can be time stamped 
for use In determining spectral trends and for predicting future spectral 
patterns. In general, the spectrum infomiatiSn will be stored in the fonr, of 
25 histograms within the spectrum; table rnemo^^^ ' ' ; ^ ^ ' 

Once the channel estimates received from' tl^e receive unit 16 (i.e ' 
Cce') have been validated, the channel classification monitor 26 analyzes 
the estimates to determine optimal transmit parameters. The ciiannel 
Classification monitor 26 then gerierates the control signals for the source 
30 coder 20. the CCI 22. and the multl-mode n^ociuiator 24Vo achieve these 

transmit parameters. In accordance with the present invention, a wide range ' 
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of transmit parameters can be varied in response to tlie spectrum 
information sensed by the receive unit 1 6, In fact, any characteristic of the 
transmit signal that can result in an improved system performance (in light of 
the spectral environment) can be changed. For example, the data rate, 
symbol rate, center frequency, sampling frequency, bandwidth, and/or power 
level of the transmit signal can be adjusted. In addition, in a spread 
spectrum application, the processing gain of the system can be varied. As 
described above, a spread spectrum system is one in which the bandwidth 
of a modulated data signal is increased, or spread, to achieve certain 
advantages. The processing gain of a spread spectrum system quantifies a 
reduction in the effect of an interfering signal in the system, caused by the 
spreading of the transmit signal. In this regard, processing gain can be 
taken as the ratio between the"signarto noise ratio (SNR) of the spread 
signal and the SNR of the unspread (modulated bata) signal. In general, the 
processing gain will be approximated by the ratio between the bandwidth of 

the spread signal and the bandwidth of the unspread signal. Therefore, the 

„ v.v ./^-"Jooi V v:: "-r:"^-^ fw-^c^i^ ^ -3-' ^. 

processing gain can be changed by varying either the bandwidth of the 

modulated data signal (such as by changing the data rate) or by varying the 

amount of spread added to the modulated data signal. Data rate can be 

20 changed by varying the compression ratio of the data or by changing the 

delivery rate of a fixed amount of data. Another transmit parameter that can 

• -— • V • ■■ . ■- . i f..-;.* i . ■ ■■ : 
be varied in accordance with the present invention is the type of modulation 

used to modulate the da!a sigriai from'the data source 10. That is, the 

modulation can be changed from a first type of modulation, such as 

25 quadrature amplitude mbdulatlon'(QAM), to a second type of moduiation, 
such as frequency siiift l<eying (FSK), based on the content of the spectrum. 
Again, the change in transmit parameters wili be perfonried to achieve a 
particular system performance goal in light of the spectral environment. 

To analyze thie channel estirriates and determine the optimal transmit ^ 

30 parameters, the ifunctioris of the channel classification monitor 26 can be 
perforitied within ^a processor, such as a conventional microprocessor or a 
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digltal signal processor (DSP). The channel classification monitor 26. can 
also .nclude a rnempry for storing analysis ^nd parameter detemiination 
. routines and algorithm?. In general, the algorithm usedby the channel 
. Classification m,onitor.26 to detemiine the^optimal transrnlt parameters. w^^^ 
5 depend on the perforrnance goals.qf the PpmmMnications system 100., For^ 
"""TP'^ if a performanqe goal Is .ta achjeve a maximum dat^ rate:without ^ 
exceeding a predetermined B^R. a flr^ 
. . . '^'^w detecmbilit^ of thetransm 

al|oritfim will be used, In^ope emt^ciyBen^,. the, algorithm that is used to 
• ° optimal transni^ ^^.^^et^ i^selectable from a libra^ of . 

,^,algonthrns in fhe merncM^ qf t^chann^l,plas^^^ This ' 

allows for flexibility in choosing/changip^g.,ysterp performance goals.. . 

^ . ■ "^^r^H ^m^m^^^my^^^^e^ on the-spectral 
1 5 .y^'l'-nmennn thp chann^m ^^^^ provided: hpwever;ior . . 

deactivating or oyerpdjng the^spe^trum-based determinati<i^^^^^^ if 
certain conditions exist. In sudi a q^se,d^ult parameter values can be 
: "^^^ t° °'-^fe the transmit sjgnaK .This, option. could be used.when a' 
P«rfo"nance goal, such as,absolute. minimum detectability is 
20 .. desired regardless of the eContents pf the chanp^Lspectrum. .In addition. . 
default parameter values can be us^d to initialize communications . before a 
clear picture of the spectral environment is obtained. Such default values 
can be chosen based upon, for ^xarnple., a coordinate grid or geostationary 
location table. 

25 FIG. 3 Is a graph illustrating a possible channel spectrum that may be 

(detected by the receive unit 16. As Jllustrated.. a plurality of spectral 
, components 50A:.50H are identified in the spectrum with a plurality of 
spectral gaps 5^^^^^^ betv^een cprnponents. The spectral components 
50A-50.H represent, a plurality of radio frequency systems that are- operating 

30 at a particular moment in time, in one embodiment of the present invention . 
the ^ystem iqo will attempt tq,fHI in one .or more of the spectral gaps 52A- ' " ' 
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52G with' the' transmit Signal, this may require, for" exarnplel a shift in tjie 
center frequency of the transmit signal to a frequency centered in one of the 
gaps. If hcne of the gaps are wide enough to accept the entire bandwidth of 
' ' the'spread signal, the signal niay have to be split between two or more of the 
5 gaps. Alt^niBtively; the bandwfdth of the spread signal can be reduced by, 
for eicample; changing the fnodulatibh type of the'uriclerlyirig daita signal or 
■ ' by feducihg^he'tev^^ of gfjreadirig li^ed fo spread the modulated data ^ 
sigriiiK^&y'filling inWspebt'ral g^ps 52A-52d', a maxifnum data rate can be 
- 'achieved despife the crowded Vpecfrtim: bf coursei^ the gaps that ar^ 
10 chosen for uSe mu&tfesid^Wlthiitte operation bandwidlth' of' the system 
1 do. In another ettibi^i'meTit, ^Ii6 F)!articular gaps that" are used to carn^ the 
traris-Hit sligniViate*£iSe?s^4^a6l«- '" ^ ''^ ' " ' ' ' ' 

' 4 detected 
-sVict/Unfr cah'^dRarigfe Wer tfrriS?' th''^is?eacli grap^^^ 
15 '^atla 'particula^''rns^^^^ 'Mifidwh, sortie oflhe sp^^^ ' 

' dis^piear from'-dnb'lhstdrrt in time to II1§^^ ohfy to'reappear at a later 
instant inrtlme: islrriilarty,'lfie^band«^^^ can change with 

time. Ais described previousilyV th'6 spectrum table merhdry 27 stores a signal 
Ihdicating'the Content df the channel s^iecti'um'at bl given moment in time. In 
20 one embodiment df the inven^idn,' with reference to FIG. 3,' the mernbry 27 
^ 'Stores a signal F having the'followiHg^ " ' 

V F(Q'^If1,^Jf3;^.f5.f6;f7.fe.f&^^ ' 

f 1 1 .f 1 2,f 1 3,f 1 4,f 1 5.f 1 6] " ■ ' ' 

where fi-f 16 are frequency values denoting the band "edges of the spectral 
compdnents 50A-56H. Ais shown ih FIGl 3,'the first frdquehcy value (i.e., f1) 
in the signal reprfeserits the'ldwer band edge of the first Component 50A! 
Accdrdihgly, the second >ahd third fifequency values represent the band 
30 ' edges of the first spectral gap 52A, the fourth arid fifth vkliie^ represent the 
band edges of the second spectral gap 52B, and so on. As shdwn, the 
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signal F is a function of time, meaning tf,at both the number of frequency 
values arid tf,e magnitude of the frequency' values o.e., the frequencies 
represented by the values) can change with time.' 
FIG. 5 lllu^rat^s •ahothW gcenarii' in which 
. present invention cah be P?aciced. As shoWn, a wideband spre«. spectrum 
communications systern Is ovsrlayin^ a Harrovyband LMF^ or cellular' ' " 
communications sy«em;.^^ 

wdeband comniuriicators 60 (labeled -W") that are mol>ile irtthiri a' ''' 
and a plurality -Of narrowbahtf o^^^^^ 

mobile withft, an oveflapp^S^giSi,: lach'ofjhe i«deb^^ ^ 
60 are capable of coitimunliath^^^^ 

c«3,muriica,ors eo via a^i^ctRF link ^ 
m „arro«*and ~nic«|64^ 
o.hercommunica.ionsuhits;viainR^^^^^^^^ 

be connected b a public Wfef*,one netwo*: T^^ o^ieVational f«quency ' ' 
tendsofthenarrowbandsystemind'Ae^wideb^^^^^^^ 
TJ.at ,s, the nan-owband system can of^raW entirely Uin the band«rtdth of 
the Wideband system, rtis scenario may be purposefully planned so, that 
.ncreased use of the available- spectrum^is achieved. Tl,e problem1s *atthe 
Wdeband system shouid not unduly interfere with the opemiion' of the 
riarrowbarid system (and vice versa). ' In.past 'systems, this imerference' 
would have been hard ft. avoid as the transmit characteristics of both ■ 
systems would have been fixei. in accoidance wiih the pi^ni invention, 
the transmit signal parametefs' o'f thi wideband system (or the' na;rowband 
sj^tem) can be varied to achjeie minimal interference in fte riarrowband 
system (or the Wideband system)-. Rsi .6-8 a^spectnim diagrams ' 
Illustrating how this can be done. 

overiapping a wideband signal 68 from the Wideband system' In' ' 
accordance With the inventibn, means ,an,he provided within the wideband '' 
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communicators 60 for performing a spectrum analysis to identify the. 
components 66, 68 illustrated in FIG. 6. In response to the identified spectral 
components of FIG. 6, the wideband system can further spread the 
wideband signal 68 (e.g., by increasing the processing ga^in)^ so that it 
present's less interference (i.e., less energy at each frequency) in the 
narrowband system, as Illustrated in FIG, 7. The wideband system can then 
either (1) perfomri some form of interference cancellation to remove the. 
effects of "the narrowband interference 66 within its band, or (2) further adapt 
its signal parameters to improve bit error rate in light oif the narrowband 
interference 66! In addition (or aitematlvely), as illustrated in FIG. 8, the 
wideband systenn can adjust Its transmit power level to reduce interference 
with the narrowband system. This method is particuiariy useful if no further t 
spreading of the widisband transmit signal is possible. The wideband ^ 
system, for example, can utilize terrain based path loss calculations to ,1 
1 5 determine a minimum arnount of transmit. power that will allovy , 

comrhunicatibris to continue in the wideband system (at an appropriate error 
rate) while having reduced impact on the narrowband system. In another 
alternative, as described above, the wideband signal can change its transmit 
characteristics to fill in ispectral gaps between narrowband transmissions. 
20 An advantageous feature of the present invention is that it can provide 

a variable level of detectability and/or resistance to jamming based on 
detected spectral conditions. For example, if large jamming signals are 
detected in the operational frequency band of the system 100, the 
processing gain of the system can be increased to reduce the effect thereof. . 
25 Simiiai-ly, if the spectrum indicates that hostile entities may be attempting to 
intercept transmissibhs of the systenri 100. the processing gain (or other 
parameters) cari be varied to drop the signal strength below the noise floor 
(such as by further spreading the transmit bandwidth). In one embodiment 
of the present invention, the channel classification monitor 26 is 
30 programmed to automatically set a processing gain which allows the system 
100 to operate at a specific BER based on a ratio between average detected 
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jammer power and average signal power. In another embodiment, 
improved system performance (e.g.; a' rbcliictiori" in detected BER) is 
achieved by decreasing the unspread bandwidth'of the data signal while 
keeping the bandwidth Sf the ispread signal cihstant: Other scenarios are 
also' possible.' ■ ' ' ' ■ ■• - ^^ • 

• ; - "lh'accoYdaric4 WHh thep'resent Invention'/ spectKim;^ ' 
performed in a periodic ma^^^^^ 

perfortned Wlll^tJepehd. foM^ on tlie parti^iiar irii)ieri^^^^^ 

-, a coMmuhicatibWs systerh is'bcateci In ah area where ' 

' spdictral cbihditjori^^i^hih-^b^jhd'b^^ ilui; Wucl^ as iri 

Ji*^^"^^ ^f'l^'^cis u^l^^ be p^r^orm^ 

delert16d^tl6h\;Qp|^ 

abdi^er si^^rurti^lipd^t^ ^fT glSraflly fe^ recc^rffi by Sar^gihg'the 

"leans are'p^ ■ 

cbrrtinQbusly aricl in realtime; With ho app^^iabie d4^ in tSe provision of 
cbmmuhicatidhsemcek''^ ' ' < . : 

. - ^ ^"^ ^ flowcharts iljustrating'the operatiori of the transmit 

unit 12 ^nd the receive unit 1 6 of FIG, 2; respeSively. in one embodiment of 
the present invention. With reference to fIg. 9; the transmit unit begins ' 
operktioh by initializlrig paranieters Ih the system 100 (step 1 10). ' Because 
the spOctrai coriditibns in the cJi^nnd 

control ^igrials (i.e.. B and P) for'the source coder 2^ the Cbl 22. and the 
25 ■ - multi-mode modulator 24 are W to default valued by the channel' 

classificatibh monitor^6. in ^aition;%e signal F stored iri the' spectrum 
table memory 27' isNnltialized tb an initial spectrum pPoflle that can be based, 
for example, on a coordinate gnd or geoista^^^ location table. ' After the 
parameter values have been initialised, a transmit signal Is generated by 
processing a datai signal from the data source 1 0 in'the source coder 20, the., 
CCI 22, and the multi-mode modulator 24 in accordance with the default 
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control signals (step 1 12). The transmit slgnaj Is then delivered to the 
channell 4 for transfer to the receive unit 16. 

The transmit unit 12 next determines whether the feedback channel 
40 Is presently available for use (step 1 14). The feedback charyiel 40 may ; 
5 not be available if, for exarnple, the system isjn a broadcast mode or only a 
sirnplex or halfTdupljBX link is used suph as In push-tO:taIk radio. operations. 
If the feedback channel 40 is available, the chai^nel classification monitor 26 
waits for and reads the riext feedback signal (which Includes the. potentially 
corrupted channel estirnates Cce') from the feedback channel 40 (step 116).. , 
1 d The channel classification monitor 26 then detemilnes whether the channel 
estimates Cce' are valid (step 118). ff .the channel estimates are not valid, 
the channel classification monitor 26 performs interpolation and/or iteration 
until valid channel estimates have been found (step 120). Once valid 
channel estimates have been found, the channel, classification monitor 26 

updates the spectrum table memory 27 with .the new spectrum Information 

p... •••••o s;-:i ."i-io if si' isbqu ."rr^uu-y-r^ .'-.rroivo- -c; i)' . Jri'i . ■ ' 3^ :, 
from the channel estimates Cce' (step 122). The channel classification 

monitor 26 then determines new parameter values for control, signals B and 

P based on the new spectrum Information (step 124). If the feedback 

channel 40 Is not available in step 1.14, the channel classification monitor 26, . 

20 determines new parameter values for cori^rol signals B and P based on . 

other considerations, such as the location of the receive unit and the time of 
day (step 126). In either case, the new parameter" values are delivered to 
the source coder 20, the CCI 22, and the multi-mode modulator 24 and a 
new transmit signjal is gerierated and delivered to the chanriel 14 (step 128). 

25 The transrinit unit 12 then checks again to see whether the feedback channel 
14 Is" available (step 114) and the above process is repe.aited. 

With reference to FIG. 10, the receive unit 16 begins operation by 
receiving a signal from the chariinel 14 (step 130). The receive signal is then 
transferred to both the signal memory 37 and the SAME unit 34^ The sjgnal 

30 mernory 37 stores a copy of the'receive signal for later use (step 1 32). The 
SAME unit 34 processes the read signal to read the potentially cormpted 
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modulation/coding Information (step 134). The SAME unit 34 then tests the 
modulation/coding Information thus derived to determjrie whether it is valid 
(step 136). If the infonmation is valid, the information is used as the mode 
estimates B". P\ If the infomnation is not valid, tlj SAME uses inteipplation 
5 and/or iteration to derive new mode estimates B',"p "(step 1 38). 7>.e new 
estimates are again |ested for validity (stepj 36). and the process is repeated 
until valid values aVe fpund." Jlie y^lid B'. p; values are then transferred to 
the multi-mode demodulator 28:,the^ 30. and the source Idecoder 32 
, <^®P 140). The read sianaHs, th^p;read from^the signal memory 37 and 
10 Processed in the multi-^^ 

:r V r r 7^1^^ ^ I^^H!^ K jhe mufcmpde de^ sB, the 

..^.P'^,3?v^"?.*e1 ^'^9^^^?P^M^^9. quantify the effectiveness of the 
.demodulation/ decoding o^^^^^ 

15 delivered ^o the chanr^lcla^s& estim^r 3^:(^^p; i44).:The cl^^ . 
classification estimator 36 then compares the fluality rnetricsrtp expected ' 
quality values th^t are based upon the ex^ individual metric 

and the combined metric (step 146). An Example would be to check if Qsd is 
as expected given Qcdd. Qmmd.P'. and >'. If the quality metrics are not as 

20 expected, the channel classlflcatipn estimatqr 36 ^^^^ , 
, ^ *P VJ® 'nterpolation and/qr^iteration to derive new B'. P' values and the 
demodulation/decode cycle is re^ 

146) using the new values. If the quality metrics are as expected, the 
demodulateWdecoded data is dellN^d to^he data sink, 1Q (step'l48). 

feedback channel 40 is currently a>^ilable (step 150): If a feedback channel 
40 is npt available, the receive unit ,1 prpcessing of the next receive 

,, ^'9']^'/s^®P 130). If a feedback charinel 4Q is W^jlable. the SAME,34 is 
instructed to retrieve the read signal from the s.^nal memory. 37. ar^d to ' 
30 perform a Jinal spectrum analysis on the signal (step 152). The SAME 34 , - 
then produces a final Fsa signal for the channel classification estimator 36 



BNSDOCID: <WO__9939472Al L> 



wo 99/39472 PCT/US99/01714 

-21- 

using the latest B', P' vafues derived during demodulation/decoding. The 
channel classification estimator 36 then calculates the channef estimates 
* Cce using the final' Fsa signal and delivers the estimates to the transmit unit 
12 (step 154), via feedback channel 40, before processing of the next 
5 receive slghalls initiated (step 1^ 

It should be apprteciated that system 200 ofpiG. 1 , system 1 00 of FIG. 
2, and the methods outlined in the flowcharts of FIGS. 9 and 10 are only 
^ meant tb be" illustrative of jDossible implementations of the present invention 

^ • .;v ■^r;ri,^ ij/-^; ,,3^- ;if^.\| 3! ' 31 : /^h* C'r . / 

and should in ho way Be considered limiting. For example, the locations 

1 0 where the vanous functions are performed and the order in which steps are 
performed can be changed without departing frorh the spirit and scope of the 
invention! The beierrhinaiibn of transrnit" parameters based on spectrum 
can, for example, be perfomied in the receive unit 16 of system 100. In this 
case, fhe tran^smit parameters ar6 transferred to the transmit unit 12 via the 

1 5 feedback channef 40, where they are subject to verification. Alternatively, ^ 
some of the functions of the system 1 00 can be perfomned in a central 
location that is separate from the transmit unit 12 and the receive unit 16. 

In one embodiment 61 the invention, the transmit unit 12 and the 
receive unit 16 are each part of separate handheld communicators that are 

20 capable of full diiplex operation, liri a typicar scenario, one cornrnunicator 
receives a communication signal from tlie other communicator, delemniines 
dptimal transrhit parameters from the Ve^ and subsequently 

transmits a reluni communfcatiori signal to the other communicator having 
the optimal transhriit parameters "appended thereto^^ The first communicator 

25 then'reacfs'^the appeiidecl parameters from the return signal, validates them, 
and uses theni to create'a next transmit signal. 

It should'be ap that*the phrase "radio frequency", as used 

herein, is meant tb ihclude'afi portions of the electromagnetic' spectruhi that 
can be used for cbmmuriications purposes such as, for exarnple, those 

30 portions Which comprise light. ' 
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CLAIMS 



What is claimed is: 



1 . A receive unit for use in a communications^ystem tli.^t is,, 
operative in a predetemnined frequency band, said communications system, 
fiaving at lept pne trarisrnit unit, said receive, unit, comprising: , 

i< a speqtrum analy?|s iinlt J^fteptjng jspectrail components in a 
received signal that are from a source other than a desi^ed.s.ourpe and occur 
within the predetermined frequency band; and 

an output for eJn..tra.rprT|i|^in^ to sajd spectral 

: -®?Wjng ^t!ea^^l?n^pbaf^|^^ • 
communications system. 

^ ^ . . J^® '^®°^'Y%iWnit, j^,plajmedjn clairi^.l , whei:einl ,'. . - , . , 
said communications system \s a spread spectrum communications " 
system.: 



3. The receive unit, as claimed in claim 1 , wherein: .. , 
•r : . spectrum^^nalysis. unit produces .a^jSpectral profile qf, potentially . 

interfering signals in a channel between the receive unit and the first. . . 
transmit unit. 

4„ The receive unit, as, claimed in claim 1 . wherein: , 
said information relating to said spectral parameters includes transmit 
.^parameter? calcuMed. based upon said spectral pa 

5. The receive unit, as claimed in claim 1 , wherein: 
said receive unit is part of a full duplex communicator. 
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6. The receive uniti as claimed in claim 1, wherein: 

said at least one characteristic of said transmit signal includes at least 
one of the following: data rate, symbol rate, center frequency, sampling 
frequency, t^ahdwidth, and power level. ^ r 

7. The teoe\i/e unit; kis d'aimed In clairti 1 , w^ ^ ' ' 
^^said at least oheS^hai^&cteristic of said transmit sigjnal includes 
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modulation typW: 



10 ' ^ ^ 8. ' ^A tdmmufticWIbhs'' system . n * : • o 

' ' ^ " a transmit* unit for gein&ratirig^^ 'signlaTiahd for transrtiitting said'signal 
into a comrhuhiclatibns chdnitei, 'featd'tr&h^^ he\h§ cSapaibl^ 'bf varying^ 

at least one characteristic of said signal in respoh^e to et cdhtfbi'bi^hal; 
a receive unit for receiving said signal from said communications 

15 channel aiid^f dV processing siald sIghaiHb extract Infonriatlon from said ■ 
signal; " 

means for determining a spectral profile using said signal fetew/ed by 
said receive unit, said spectral profile being indicative of spectral content in^ 
said channel; and * * v , ^ 

20 ' means for generating said control signal bdsed upon said spectral ^ 
profile"/'"- ''^ = - ' ' - ■ : ■ 

9. The communications system, as claimed in claim 8, wherein: 
said means for determiriirig is lociated in s'atd receive unit. 



10. The communications system, as claimed in claim 8, wherein: 
said means for generating is located in said transmit unit. 
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- , 7 . INITIALIZE . Y- 



GtNERATE TRANSMIT SIGNAL ANDl f*') 
DELIVER^-Tg^CHANNE^^ - ["-^^^ 




'PARAMETERS B,P BASED L/96 

-A - IQN LOCATION/T IME j 



/20 
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INTERPOLATE AND/OR. ITERATE^ 4 
TO FIND NEW C 



Ice 



UPDATE, SPECTRUM 
TABLE MEMORY(F)!:; 



I 



1,2. 



CHANGE PARAMETERS B,P 
BASED ON SPECTRUM 
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GENERATE NEW> TRANSMIT SIGNAL | 
BASED ON NEW PARAMETERS B,P h 
AND . DELIVER TO' CHANNEL J 
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RECEIVE SIGNAL FROM CHANNEL 
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J 



STORE SIGNAi- 'IN -MEMORY 

— Y ■ 



.READ B,P rlUFORMATiON f R0M r; h , , . 

• : siGNi; : . -i 1 r ^'^^ 
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INTERPOLATE AND/OR ITERATE f 
■ - .10 ™ NEW B.P -X 




. MjTRANSFBR VALIP B.P TO . 
'MUL'Tr-WODE DEMODULATOR. COD. '^^^^ 

•AND SOURCtmODEf 

u j ■'..»> — 



READ SIGNAL FROMrMEMORY AND" 
PROCESS IN MUlTI-MODE 
DEMODULATdR. CDD, AND^ 
- SOURCE' DECODER 
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CALCULATE QUALITY METRICS: Q 
AND DELIVER TOi CHANNEL' 
CLASSIFICATION ESTIMATOR 
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PERFORM SPECTRAL ANALYSIS 
ON SIGNAL 
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CALCULATE CHANNEL ESTIMATES 
g -AND DELIVER 

TRANSMIT UNIT 
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